Context: College students are at an elevated risk of poor nutrition and eating habits. Objective: The aim of this systematic review was to examine and quantify the effect of nutrition labels on diet quality in college students. Data Sources: Literature searches were conducted in 4 electronic databases. Study Selection: Peer-reviewed publications that assessed the effect of nutrition label use on food choice or dietary intake in college students were included. Data Extraction: Twenty-two randomized controlled trials, cohort studies, and pre-post studies were identified. Results: Sixteen studies found label exposure to be associated with improved diet. Of the 13 studies reporting calories selected or consumed, 8 found that posting labels at the point of purchase decreased calories, 4 found no effect, and 1 found that calories consumed increased after posting labels. Nine of the 12 studies assessing noncaloric measures found that nutrition labels positively affected diet quality. Meta-analysis of pre-post studies found a decrease of 36 kcal (P < 0.05) with label exposure. Conclusions: Nutrition labels had a moderate but positive effect on dietary intake of college students.
INTRODUCTION
Food purchase and consumption outside the home has risen in the last 30 years, 1,2 now accounting for almost 50% of the food expenditures among Americans.
3 Since greater frequency of eating outside the home has been associated with higher body weight, 4 labeling of calorie and nutrition information on restaurant menus has emerged as a tool to enable consumers to make informed food selections. However, recent reviews have questioned the efficacy of posting calorie information, indicating the lack of effect on calorie purchase or consumption. [5] [6] [7] The null effect could partially be due to differences in populations studied and the wide variety of study designs and outcomes assessed. Further, the motivation and reasoning behind label usage is unclear, as several survey-based studies found that individuals who reported using nutrition labels had higher nutrition knowledge or motivation to eat in a specific way 8, 9 or to lose weight, 10 whereas others found nutrition labels to be effective across consumer characteristics, [11] [12] [13] or even more effective for those with lower health consciousness. 14 Besides being affected by consumer characteristics, research on the effect of nutrition labels may be confounded by the fact that certain types of labels tend to be more effective than others. A recent meta-analysis reported that, while standard calorie labeling did not affect calorie selection or consumption, both outcomes decreased when labels included contextual information such as daily intake or traffic light symbols. than simple textual labels at decreasing calorie selection. 17, 18 Another major gap in understanding the effect of nutrition labels lies within the limited number of dietary outcomes assessed. While several reviews have focused on calories selected and consumed, 6, 15, 19 fewer have used broader definitions of dietary intake. Those that have observed broader measures are generally limited by including only a small number of studies. 20, 21 Since diet measures vary widely across studies, pooling results to assess the overall effect is often infeasible.
College students are a population at an elevated risk of poor nutrition and eating habits. Dietary quality 22 and fruit and vegetable intake tend to decrease during emerging adulthood. 23 Further, a meta-analysis estimated that college students gain about 4 pounds on average during their freshman year. 24 While previous studies have reviewed prevalence and predictors of nutrition label use 9 and the effects of dietary interventions among college students, [25] [26] [27] the effect of nutrition labels in particular is unknown. Reviewing the effectiveness of nutrition labels in a group with relatively homogenous age and education may allow more precise identification of factors interacting with label use and diet quality.
A systematic review of the effect of nutrition label use on diet quality among college students was conducted. The hypothesis that nutrition label use could improve diet quality by helping college students make more healthful food choices was tested. In addition, a meta-analysis was conducted to quantify the influence of nutrition label use on dietary quality.
METHODS
Systematic review and meta-analysis procedures were conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines. 28 
Study selection criteria
Studies were included in this review if the following criteria were met: (1) study adopted a design of a randomized control trial, a cohort study, or a pre-post study; (2) study took place on a college campus; (3) study assessed nutrition label use (nutrition facts, nutrition labels specific to foods in cafeterias or dining units, or general nutrition labels) as a predictor of diet quality or food choice; (4) study assessed actual food choice or dietary intake of more than 1 food item as the outcome; (5) study was published in a peer-reviewed publication; (6) study was written in English; and (7) study was published on or before May 18, 2017 . PICOS (population, intervention, comparator, outcome, setting) criteria are listed in Table 1 . Studies adopting a qualitative, case report, case-control, or cross-sectional design, published in a language other than English, not peer reviewed, not occurring on a college campus, requiring participants to read labels as a prerequisite for participation (including labels that were not nutrition labels), not providing a direct test of the relationship between label use and dietary quality or food choice independent of other factors such as food availability or education, using experiments that measured intake of only 1 item (eg, a snack bar), or reporting hypothetical choices or intentions rather than actual food choice or diet quality were excluded. Additionally, studies wherein the average age of participants was over 30 years or the majority of participants were over 30 years old were excluded. In the case of studies that met the inclusion criteria but also had additional interventions such as price changes, 29, 30 downsizing offers, 31 a social media campaign, 32 or food taxes, 33 only the results of the labeling intervention were summarized.
Search strategy
PubMed, EBSCO, PsycInfo, and Web of Science databases were searched using combinations of the following keywords: (1) "nutrition," "calorie," "food," "diet," or "menu"; (2) "label," "labeling," or "labelling"; (3) "dietary quality," "diet," "dietary intake," "food intake," "caloric intake," "calorie intake," "nutritional quality," "nutritional intake," "food choice," "meal choice," "food selection," "food consumption," "meal selection," "meal consumption," or "eating"; and (4) "college student(s)," "university student(s)," "young adult(s)," "university," "college," or "tertiary education." The following keywords were used to exclude articles to limit the number of harvests: "supplement," "pharmacology," "medication," "allerg*," "mice," "rat," "choline," "anemia," "anorexia," and "cigarette." For example, the specific search terms used in PubMed are listed in Table 2 .
Titles and abstracts of the articles identified through the keyword search were screened against the study selection criteria. Potentially relevant articles were retrieved for evaluation of the full text. A reference list search (ie, backward reference search) and cited reference search (ie, forward reference search) were conducted on the basis of the full-text articles that met the study selection criteria and were identified from the keyword search. Articles identified from the backward and forward reference search were further screened and evaluated using the same study selection criteria. The reference search was repeated on all newly identified articles until no additional relevant articles were found.
Data extraction and synthesis
A standardized data extraction form was used to collect the following methodological and outcome variables from each included study: author(s), publication year, study design, setting, sample size and demographics, response and/or completion rate, participant recruitment criteria, measures of nutrition label use and diet quality, main findings, and conclusions.
Meta-analysis
A meta-analysis was performed on studies that reported the mean number of calories consumed in the presence and absence of labels, standard deviations, and sample size for each group. When the number of calories selected or consumed was reported as an outcome but did not include all necessary information, authors were contacted. Effect size was calculated on the basis of the mean difference in calories selected or consumed between groups exposed and not exposed to nutrition labels. Pre-post studies (without a control group) and randomized controlled trials were analyzed in separate meta-analyses owing to differences in strength of the study design. 19 Among studies that compared different label types, the simple textual labels were used when testing the effects of nutrition labels vs no labels. In addition, a meta-analysis was performed to test the effect of contextual labels vs simple textual labels. Four studies were included in the controlled experiment meta-analysis 29,34-36 , 6 in the pre-post meta-analysis, 31, [37] [38] [39] [40] [41] and 3 in the meta-analysis comparing contextual labels with simple textual labels. 29, 36, 41 Study heterogeneity was assessed using the I 2 index. The level of heterogeneity represented by I 2 was interpreted as modest (I 2 25%), moderate (25% < I 2 50%), substantial (50% < I 2 75%), or considerable (I 2 > 75%). Random-effects models were used for estimation since considerable heterogeneity was present. Publication bias was not assessed because of the variability in study designs and outcomes of interest. Meta-analysis was performed using Stata/IC software, version 13.1 (StataCorp, College Station, TX, USA). All analyses used 2-sided tests, and P < 0.05 was considered statistically significant.
Study quality assessment
The National Institutes of Health's Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies was adapted to assess the quality of each included study. 42 This assessment tool (Table 3) rates each study on the basis of 9 criteria. For each criterion, a score of 1 was assigned if "yes" was the response, whereas a score of 0 was assigned otherwise (ie, an answer of "no," "not applicable," "not reported," or "cannot determine"). A study-specific global score, ranging from 0 to 9, was calculated by summing scores across all criteria. Criteria were as follows: (1) research question, study design, and data collection procedures were clearly documented; (2) sample size was sufficiently large to provide confidence in the findings; (3) reasons for selecting or recruiting the number of individuals were included, or statistical power was discussed; (4) there was a control (either a control group, control cafeteria, or a pre-post study in which participants served as their own controls) in the study; (5) either study participants or cafeterias were randomized; (6) dietary outcomes were observed rather than selfreported; (7) actual dietary intake (not simply selection) was assessed; (8) dietary outcome was assessed in a naturalistic eating setting; and (9) key potential confounding variables (eg, sex, body mass index) were measured and adjusted statistically for their effect on the relationship between nutrition label use and dietary intake. Predictor terms ("nutrition label" OR "nutrition labels" OR "nutrition labeling" OR "nutrition labelling" OR "calorie labels" OR "calorie label" OR "calorie labelling" OR "calorie labeling" OR "food label" OR "food labels" OR "menu label" OR "menu labels" OR "menu labeling" OR "menu labelling" OR "label usage" OR "label use") Outcome terms AND ("dietary quality" OR "diet" OR "dietary intake" OR "food intake" OR "caloric intake" OR "calorie intake" OR "nutritional quality" OR "nutritional intake" OR "food choice" OR "meal choice" OR "food selection" OR "food consumption" OR "meal selection" OR "meal consumption" OR "eating") Population terms AND ("college student" OR "college students" OR "university student" OR "university students" OR "young adult" OR "young adults" OR "university" OR "college" OR "tertiary education") Exclusionary terms NOT supplement NOT pharmacology NOT medication NOT allerg* NOT mice NOT rat NOT cigarette NOT choline NOT anemia NOT anorexia
RESULTS
Of the 798 unduplicated articles identified through the keyword and reference search, 722 were excluded by title and abstract screening ( Figure 1 ). The remaining 76 articles were reviewed in full text, by which 61 studies were excluded because of the following reasons: age ineligibility (n ¼ 31); inappropriate setting, such as a hospital or workplace cafeteria (n ¼ 8); lack of quantitative assessment of food choices (n ¼ 10); lack of assessment of label exposure in relation to diet, independent of other factors or interventions (n ¼ 3); use of labels that were not nutrition labels (n ¼ 2); manipulation of nutrition labels or priming of participants (n ¼ 5); and assessment of hypothetical rather than actual dietary intake (n ¼ 2). The remaining 15 articles were included in the review. An additional 6 articles were identified through reference search, resulting in a total of 21 articles (22 separate studies) included in the review.
Basic study characteristics
The basic characteristics of the included studies are reported in Table 4 . [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [43] [44] [45] [46] [47] [48] [49] [50] Studies were conducted in 5 countries: the United States (n ¼ 15), the United Kingdom (n ¼ 3), Canada (n ¼ 2), Belgium (n ¼ 1), and Australia (n ¼ 1). Of the 22 studies, 5 were experimental or quasi-experimental controlled trials wherein participants were exposed or not exposed to nutrition labels, and 17 were cohort or pre-post calorie-labeling interventions conducted in cafeterias or with vending machines. Thirteen studies measured calories selected or consumed, and 12 assessed dietary quality via noncaloric measures of specific food items or meals (some studies assessed multiple outcomes).
College students included in the study samples were aged 19 to 29.9 years, and 34% to 75% were female (except for 1 study that exclusively recruited females). The majority of the samples were normal weight, though 1 study reported an average body mass index considered overweight (25.9), and another purposefully recruited participants with a weight status classified as obese for about half of the sample.
Dietary outcomes: calories selected or consumed
Dietary outcomes and main findings are reported in Table 4 . Eight of the 13 studies investigating caloric selection or intake as an outcome found positive effects of posting labels; of the 5 remaining studies, 1 found a negative effect of introducing labels and 4 found no effect on energy selection and/or intake.
Of the studies showing a statistically significant positive effect, Chu et al. 37 in a cafeteria and Cioffi et al 43 in retail dining units found that the average calorie content of items sold decreased after nutrition labels were introduced. In cafeterias, Hammond et al. 38 reported that students ordered and consumed fewer calories after labels were posted, while Nikolaou et al. 41 found that calories selected decreased upon posting of both simple nutrition labels and labels that included suggested daily intake. In an on-campus restaurant, Ellison et al. 29 reported that exposure to traffic light or numeric menu labels resulted in decreased calories ordered, with traffic light labels being especially effective. In laboratory settings, James et al. 36 found that exposure to exercise labels specifying how much physical activity was needed to burn the calories in a food item effectively decreased calories ordered and consumed, and Temple et al. 33, 44 found in 2 separate studies that label At a minimum, recruitment, mode and setting for data collection, and study duration were indicated. b If power calculations were not detailed, sufficient size was at least 100 participants per group (ie, pre-and postintervention) or at least 100 observations per period (ie, sales pre-and postintervention).
exposure decreased calories consumed in a buffet lunch among 1 subgroup and overall. In contrast, Aaron et al. 34 found a negative effect of labeling: students eating in an intervention cafeteria consumed more calories after label introduction and more calories than the control group. Of the studies showing no effect, Dingman et al. 35 reported that posting labels on vending machines did not affect the average number of calories sold. Hoefkens et al. 39 and Lillico et al. 40 in campus cafeterias and Schwartz et al. 31 in a quick-service restaurant found that posting nutrition labels did not affect calorie intake.
Dietary outcomes: noncaloric measures
Five studies 34, 36, 39, 41, 43 assessed the relationship between label exposure and macronutrient selection or intake, summarized in Table 4 . Of the 12 studies reporting noncaloric and nonmacronutrient outcomes (eg, portion size, proportion of low-energy-density foods chosen), 9 reported that nutrition labels had some statistically significant positive effect, although a few identified an effect only in a subsample of participants. In pre-post studies in cafeterias where labels were implemented, Cinciripini 45 found improved food group selections; Davis-Chervin et al. 46 reported higher selection of low-calorie and low-cholesterol entrées in a cafeteria where posters were also displayed; Freedman 47 found that portion sizes for fries decreased and salad dressing choices changed; and Hoefkens et al. 39 reported higher vegetable consumption. In quickservice outlets, Nikolaou et al. 48 found that posting labels resulted in decreased sales of both low-fat and high-fat items as well as decreases in sales of low-calorie items and much larger decreases in sales of high-calorie items; Roy et al 32 found that sales of a high-calorie entrée decreased and sales of a lower-calorie meal increased. In a vending machine study, Larson-Brown 49 found that sales of more-nutritious foods increased after labels were posted. In a laboratory, Temple et al. 33, 44 found that participants exposed to calorie labels ate fewer high-energy-density and low-energy-density foods and that participants exposed to traffic light labels were more likely to purchase green (or healthier) items.
Three studies that examined noncaloric outcomes showed no statistically significant differences after label introduction. In a convenience store, Freedman and Connors 50 reported a small increase in the percentage of tagged healthy items sold. In vending machine studies, Dingman et al. 35 found that the proportion of "Better Choice" snacks purchased remained similar, and Hoerr and Louden 30 found that the proportion of snacks in low-, moderate-, and high-nutrient-density groups did not differ upon label implementation. Figure 2 29,31,34-41 shows the forest plots for the metaanalyses conducted on the 4 controlled experimental studies 29, [34] [35] [36] and the 6 pre-post studies. 31, [37] [38] [39] [40] [41] Metaanalyses results are shown in Table 5 . 29, 31, [34] [35] [36] [37] [38] [39] [40] [41] Among controlled studies, exposure to simple textual nutrition labels was not associated with change in calories ordered or consumed (P ¼ 0.4). Among pre-post studies, posting nutrition labels was associated with a decrease in the number of calories ordered or consumed by Articles identified in keyword searches (n = 798)
Meta-analysis
Articles excluded on basis of title and abstract (n = 722)
Articles retrieved for full-text evaluation (n = 76)
Articles excluded on basis of other reasons:
• Age ineligibility (n = 31)
• Non-campus setting (n = 8)
• No quantitative outcome for dietary quality or selection involving 2 or more items (n = 10) • Did not quantitatively report on a relationship between label use and diet independent of other factors (n = 3) • Labels were not nutrition labels (n = 2) • Labels were manipulated or participants were primed (n = 5) • Hypothetical rather than actual dietary choices were assessed (n = 2)
Articles included in reference searches (n = 15, n = 16 unique studies)
Articles included in final study (n = 21, n = 22 unique studies) Figure 1 Flow diagram of the literature search process. Sales data: proportion of entrées chosen with the lowest amount of cholesterol, fat, or calories of the entrées served on a given day In cafeteria 1, selection of low-calorie entrées at lunch increased by 35% and 66% during intervention periods 1 and 2, respectively, while selection of low-cholesterol entrées at lunch or dinner increased by 28%-53% from baseline (all P < 0.05). Selection of low-cholesterol, low-fat, and low-calorie entrées increased as a proportion of total from baseline levels during each intervention period and during the final no-intervention phase. In cafeteria 2, nonsignificant increases in the selection of lowcalorie and low-cholesterol entrées were observed from baseline to intervention Dingman et al. Self-reported (concerning specific meals) data: energy intake from cafeteria meals (average of the 3 d from food records), food types, and macronutrients Average calorie intake for the lunch cafeteria meal and over 24 h did not change between baseline and follow-up (P > 0.05). Participants consumed significantly more grams of vegetables at follow-up (both at the canteen meal and over 24 h, driven by the canteen meal) and fewer grams of carbohydrates over 24 h (P < 0.05). Protein, fat, percent energy from saturated fat, and sodium were similar across baseline and follow-up, as was the proportion of meals chosen in different star rating groups height and weight measured, and were seated alone, receiving 1 of 3 menus for a fast-food restaurant. Menus included the following: (1) no labels, (2) kilocalorie labels with a statement about daily caloric requirements, and (3) exercise labels showing minutes of brisk walking required to burn the energy from food items (specific to males and females). After ordering, participants were surveyed, and participants in labels groups were asked if they had noticed the labels. Food and beverages were unobtrusively weighed before and after the meal Observed choice þ objectively measured plate waste: calories ordered and eaten and calories from fat, protein, and carbohydrates 91% of those exposed noticed labels. The no-labels group ordered more calories than the exerciselabels group but not the kilocalorie-labels group (overall and exercise-vs no-labels groups both P<0.05). For consumption, the no-labels group again ate significantly more than the exerciselabels group but not the kcal labels (overall and exercise-vs no-labels groups both P<0.05). There were no differences for ordering and consumption between the exercise-and kcal-label groups and the kcal-and no-label groups (P>0.05). Exerciseand no-label groups also ordered and consumed differing percentages of calories from fat (both P<0.05), but not carbohydrates and protein (continued) The first 100 meal selections for 14-d periods within the 5-wk menu cycle were recorded, for a total of 4200 meals, including side dishes. Ingredient orders for evening meals placed by caterers were also recorded over the course of 2 y (2 mo each year)
Observed choice: calories, fat, saturated fat, vitamin C, iron, and calcium content of meal choices Both males and females selected fewer calories when labels were present and even fewer when calories þ suggested daily intake labels were present; selection during each period differed significantly from that during the other periods (P < 0.01). From period 1 (simple labels) to period 3 (contextual labels), mean calories per tray fell by 25% for females and 15% for males. Fat and saturated fat content of meals decreased after exposure to calorie labels þ suggested daily intake; no differences were found in selection of vitamin C, iron, or calcium. Total calories ordered by caterers fell 18%, orders for ingredients used primarily for dessert preparation fell 60%, and oils used for frying fell 35% from years 1 to 2 when labels were present (continued) ety of fillings and caloric content 61% of female and 41% of male students reported that calorie information influenced choices. Between months 1 and 2, sales of all labeled items fell 17% in the intervention and 2% in the control outlets (P < 0.001). Sales of high-calorie (À30%) and low-calorie (À18%) items and high-fat (À21%) and low-fat (À23%) items decreased from months 1 to 2 in intervention outlets (P < 0.001), while sales of these items did not differ at the control outlet Roy et al. were randomly assigned to watch a movie on either the organic food movement or how to read nutrition labels. They then ate a buffet lunch of preweighed items either including or not including nutrition labels
Observed choice þ plate waste: calories consumed, energy-dense foods consumed Those exposed to labels ate fewer calories than those not exposed (P ¼ 0.04). Energy density of chosen foods also differed; those not exposed to labels ate more of both high-and low-energy-density foods (both P < 0.05) (continued)
36.0 kcal (95%CI, À60.2 to À11.8 kcal). Contextual labels (eg, traffic light, exercise equivalents, or list of daily suggested requirements) were more effective than simple calorie labels 29, 36, 41 at improving dietary intake in all but 1 study. 33 All 3 studies 29, 36, 41 pooled for metaanalysis comparing textual vs contextual labels found contextual labels to be more effective, leading to a pooled estimated reduction of calories selected or consumed by 66.9 kcal (95%CI, À86.7 to À47.2 kcal).
Study quality
Studies included in the review on average scored 5.2 out of 9 points (Table 6 29-41,43-50 ). Studies scored particularly low (an average of 0.14 out of 1 point) on including a power analysis or reasoning for the sample size, and on randomization of participants or study setting (0.27 out of 1 point). Studies scored substantially higher on objectively observing dietary intake (0.86 out of 1 point) rather than relying on surveys, and on performing the study in a natural setting (0.82 out of 1 point). Of the 9 studies with the highest quality, 7 indicated that label exposure was related to better dietary intake for at least some groups. Of the 6 studies with the lowest quality, 5 showed some dietary improvement upon label exposure.
DISCUSSION
The present systematic review examined the effect of nutrition label use on diet among college students. Overall, 16 of the 22 studies included in the review reported that exposure to nutrition labels led to improved dietary choices. Eight of the 13 studies involving caloric outcomes found that posting nutrition labels at the point of purchase decreased calorie selection or consumption. Nine of the 12 studies measuring noncaloric measures of dietary quality such as food group choices found that introducing labels improved dietary quality. In the 10 studies pooled for meta-analysis, controlled experimental studies showed a nonsignificant decrease in calories selected and/or consumed in the presence of labels, whereas pre-post studies showed a significant decrease of 36 kcal in calories selected and/or consumed in the presence of labels. Studies of both relatively low and relatively high quality produced similar results, with a majority of both higher-quality and lowerquality studies showing that nutrition label exposure improved dietary intake in at least some groups.
Setting might be crucial to measuring the effectiveness of nutrition labels. Of the 12 studies conducted in college cafeterias in the present review, 10 found positive effects, 32, [37] [38] [39] [40] [41] 43, [45] [46] [47] [48] 1 found no effect, 40 and 1 found a negative effect 34 of nutrition labels. Studies in laboratories generally showed positive effects, those in quick-service outlets and convenience stores were more mixed but overall positive, and those in vending machines showed few effects. The magnitude of effects was often small, and even those studies reporting overall significant effects had subgroups that were not always affected by the intervention. Prior systematic reviews in general populations have also shown that setting is crucial: Long et al. 19 reported that labels significantly decreased calories ordered in nonrestaurant but not restaurant settings, and Fernandes et al. 7 found menu labeling was more effective in cafeterias than in restaurants. In the latter study, the authors hypothesized that this effect could be related to educational level and the daily nature of cafeteria usage contrasted with the special-occasion nature of restaurant visits. 7 The potential interaction between setting, nutrition label use, and dietary outcomes should be investigated, particularly for the effect on daily food patterns and noncaloric outcomes. In addition, it is important to consider barriers such as hunger and food cost 51 as well as how nutrition labels may act together with other nutrition interventions in college settings, including price incentives, changes in food offerings, and control of portion size. In the present review, when compared with simple calorie labels, contextual labels (traffic light, exercise, and those containing daily intake recommendations) tended to be more effective at improving dietary intake, resulting in an average of 67 fewer calories ordered or consumed. Prior reviews and studies in adults have reported that labels containing contextual information are better understood 16 and more effective at reducing intake of calories, 15, 17, 52 total fat, saturated fat, and sodium 52 and at improving food choices. 21 Thus, the results of both the present review and prior studies indicate that contextual or interpretive labels such as traffic light labels or exercise equivalents are more effective at improving dietary intake. Contextual labels that include several components, such as the star ratings employed by Hoefkens et al., 39 may also have an added benefit of providing a more holistic approach to dietary quality that does not focus solely on calories.
The wide variety of dietary outcomes assessed in the reviewed studies included calories, macronutrients, micronutrients, sales of items deemed healthful using different standards, cholesterol, energy density, and food groups. This array of outcomes was crucial for obtaining a comprehensive view of the effect of labels on overall dietary quality. However, this also meant that study results were difficult to pool, and estimates of the overall effect of labels were nontrivial. Future research should investigate the effect of nutrition labels on comprehensive measures of dietary quality rather than on calories alone. To ensure results can be compared and pooled across studies, standardized measures should be used, such as the Healthy Eating Index, 53 the Mediterranean Diet Score, 54 dietary quality indices, 55, 56 or nutrients present on nutrition labels. 57 The results of this review support menu-labeling policies such as the US Food and Drug Administration's menu-labeling rule, which will require restaurants and food retail establishments with 20 or more locations to post calorie labels on menus starting in May 2018. 58 Posting point-of-purchase information is critical for providing consumers adequate information to make dietary choices, and the results of this review suggest that, among college students eating on campus, exposure to nutrition labels is likely to improve dietary intake. However, in the United States, college and university cafeterias and restaurants will not be required to post menu labels unless they have 20 or more locations offering similar products. Educational institutions should consider proactively implementing nutrition labeling, especially using interpretive labels to help students compare dietary options quickly and easily. In addition to potentially improving dietary intake, menu labeling may also decrease food costs; Nikolaou et al. 41 found that, compared with data from the prior year, catering orders for overall calories, ingredients used primarily for desserts, and oils for frying all decreased substantially when labels were posted. Another potential benefit to nutrition labeling is that it may encourage product and recipe reformulation, 59 which could improve dietary intake, even for consumers who do not consciously use nutrition labels.
A few limitations of the review and included studies should be noted. The wide variety of study designs, outcomes, and even label presentation formats limits the ability to pool results. While it was crucial to aggregate studies separately on the basis of study design and label type, this meant that 2 of the meta-analyses included fewer than 5 studies, which could limit the generalizability, as meta-analyses are stronger when they encompass a larger number of studies with similar designs. Only 9 of the 22 included studies had comparison groups where participants did not serve as their own controls, although 17 of the 22 studies included a pre-post comparison. The need for studies with comparison groups has been highlighted in a previous review, which reported that nutrition-label interventions in real-world environments with comparison groups did not produce a significant decrease in calories ordered. 6 Additionally, a few studies included only subgroup effects rather than overall effects, 2 studies 38, 40 may have had sample overlap, and several studies included relatively small samples for testing a populationlevel intervention. Lastly, title and abstract reviews were conducted by only 1 investigator.
One strength of this review compared with other recent reviews 6, 15, 60 is that, by limiting the population to college students, multiple outcomes of dietary quality beyond calories selected or consumed were assessed. This is an important distinction, as some data suggest that, while nutrition label users may eat similarly to nonusers in terms of food amount, there are meaningful differences in the foods selected. 61 Thus, this review is able to comment on overall dietary quality, which has been shown to relate to long-term health outcomes. 62 In addition, this review compared the relationship between nutrition label use and dietary quality across Table 6 Scoring of study quality. Points awarded on the basis of criteria met for each study included in the review 31 study assessed intake in another experiment in the same article, the experiment included in this review did not assess intake. different settings, thus showing that the majority of studies in some settings (eg, cafeterias and laboratories) showed a positive effect, whereas studies in other settings (eg, vending machines) largely showed mixed results or no effect on dietary quality. Finally, this review considered study design within the meta-analysis, which is important for reviewing studies with vastly different designs.
CONCLUSION
The present systematic review and meta-analysis examined the effect of nutrition labels on diet among college students. Among the 22 studies included in the review, nutrition labels were found to have a moderate but significant positive effect on dietary choices in college students. These effects were modified by individual sociodemographics, setting, and type of labels used. Studies in cafeterias and laboratories generally produced more positive effects than those in quick-service restaurants or vending machines. Contextual labels listing daily recommended intake or including traffic lights or exercise equivalents displayed higher efficacy in this population. Both higher-quality and lower-quality studies generally showed positive effects of labeling. Field experiments, particularly with large representative samples and adequate controls, are warranted to assess the effect of nutrition labels among college students. The results of this study support nutrition-labeling policies, suggesting that implementing nutrition labels may improve dietary intake among college students. Colleges, universities, and other institutions should consider implementing nutrition labeling, particularly using contextual formats that allow for quick comparisons across food choices.
